The 1/N expansion method for the degenerate Anderson model is formulated. X is the degeneracy factor of one of the f-electron configurations. Various ground-state properties are calculated.
Exact results of the model have been obtained by using nonperturbative methods such as Bethe ansatz and numerical renormalization-group methods.
Because of the difficulties of extending the above two methods to study systems with concentrated impurities, we are forced to go back to the usual diagrammatic perturbative approach. Fortunately, more than ten years ago Keiter and Kimball' prescribed the diagrammatic method for systems with dilute impurities. Recently, Grewe and Keiter" have generalized the method to treat the concentrated case.
A number of different ways to sum diagrams have been proposed. ' ' ' Recently, Ramakrishnan' pointed out that due to the large value of the orbital degeneracy N of the f electrons, a more systematic and efficient way of summing diagrams is possible. This is emphasized by Anderson' as the 1/N expansion.
Several applications" ' ' of A simpler method is to work on the irreducible diagrams only. These irreducible diagrams, which constitute the self-energy functions S and T of Eqs. (5) and (6) Once the self-energy function S is expanded in a series of 1/N, S(z) =So(z)+N 'S1(z)+N S2(z)+. . .
We can also expand the energy Eo in 1/N orders, In Eqs. (7) and (8) we have defined 6 to be
In Fig. 1 
The corresponding irreducible diagrams for S; are shown in Fig. 2 . The function S2(z) in Eq. (17) represents the cross diagrams, the third figure in Fig. 2(c) ; it is given by S2(z)= -f de~f «2 f «3f (e't)f (~2}f(~3)[(z+et 'EF 
The functions T~and T2 are of the form
[1 -f(e)]S, (z+eF E)- 
By substituting Eqs. (9) and (19) Table I , the magnetic susceptibility converges a little more slowly. The first-order correction S 'g, '" is always quite important. The spin-Aip-like interaction starts in N ' order [ Fig. 2(b) ]. The convergent rate becomes slower when the value of ez decreases.
We have also calculated the ground-state energy Eo and the magnetic susceptibility X, for the case % =2. In general, Eo converges to a few percent after N E p is in--2 (2) eluded, but P, can be off by 40%%uo for a very negative value of E'~.
The specific-heat coefficient also can be calculated straightforwardly.
But we shall only discuss the ratio R =7,/y. y is in units of rr ks/31Vb. By using Eqs. (11), (26) , and (27), both X, and y may be expanded in a series of 1/N. Therefore, we can write R in the form (~(0)+N -lg(1)+. . . )/(y(0)+N -ly())+. . . ) (28) It is easy to show that y =~E o -er; i~Eo -eI; -1)
Therefore, in the limit X~~, R =1. In the last column of For N =6, in most cases the results of zeroth-order X and first-order N ' expansion are accurate enough. It should be emphasized that the first-order correction, especially for magnetic susceptibility, is always quite important unless X is extremely large. Therefore, it is advisable that the first-order correction should always be taken into account.
At moderate temperatures, the method is applicable for the whole range of parameter values. We expect a better result than our low-temperature results.
Compared to other perturbative calculations' ' ' The main deficiency of this method is that it cannot TABLE II. Magnetic susceptibility P, in the 1/N series. The parameters are the same as in Table I . g, '/N is the contribution from the cross diagram given by Sz of Eq. {18). The ratio R is defined in Eq. and (18)]. At zero temperature the integration is from -D to 0. The difference between S2 and S2 is the replacement of the quantity The contribution of the cross diagram, the third diagram of Fig. 2(c 
